DISS. ETH No. 9082 Magneto-optical Kerr In this work the first magneto-optical study on high field superconductors is presented.
For the purpose of this investigation a new magneto-optical apparatus has been built, consisting of a 13.2 T magnet and a 3He-cryostat. This equipment can perform fully automated Kerr rotation and ellipticity measurements in the energy range from 0.6 to 5.5 eV in magnetic fields as high as 13.2 T and at temperatures from 0.4 K up to about 200 K. The optical set-up contains no lenses, but spherical mirrors to avoid chromatic aberration of the imaging onto the sample.
We have studied four Chevrel phases: PbMo6S8, EuMo6S8, Eu0 5Pb0 5Mo6S8 aad Eu0-75Sn025Mo6S7_6Se0#4. The first Compound was only used as a reference for the optical properties. These materials have a rhombohedral crystal symmetry from room temperature to the lowest temperatures, except EuMo6S8, which undergoes a structural phase transition to a triclinic phase at 110 K. Therefore, the theory of reflection on anisotropic materials is reviewed and extended to the case of the magneto-optical Kerr effect of anisotropic materials.
All Compounds can be considered as 'bad' metals with rather few free carriers, with effective masses of the order of 10 roe. The real part <rlxx of the optical conductivity is dominated up to 12 eV by Mo-d« S-p transitions. Surprisingly good agreement is found between <rlxx and <7}h«°t hat has been derived from a self-consistent band strueture calculation. An ambiguity in the interpretation of the low energy part of <rlxx remains for a feature at 0.3 eV. At the moment it is not clear whether this strueture corresponds to an interband or an intraband transition. However, this ambiguity reflects simply the eomplicated nature of the conduction band in the Chevrel phases.
In the magneto-optical spectra two dominant Eu2+ 4f-* 5d transitions have been found, a Eu2+ _//-» 5de. transition at 2.3 eV and a Eu2* 4f~* St^. transition at 3.2 eV.
Hence, the crystal field Splitting of the Eu-5d states is 0.9 eV. A detailed comparison with the Eu monochalcogenides yields a 60 % smaller radial overlap integral of the Eu2+ 4f and 5d wave funetions in the Chevrel phases. Intraband transitions are at the limit of the experimental resolution in the magneto-optical spectra.
The Kerr effect measurements as funetion of photon energy at 0.5 K for Eu0 5Pb0 5Mo6S8 and also for Eu0 75Sn0 25Mo6S7 6Se0 4 reveal no significant difference from the spectra obtained at higher temperature, which is in contradiction to the behavior of an ensemble of localized moments (Brillouin funetion). In order to study the behavior of the Eu~4f moments, the temperature and field dependent Kerr rotation was measured at various energies of the Eu2* 4f~* 5deg transition. Whereas the Kerr rotation as funetion of magnetic field follows at 15 K a Brillouin funetion for the free Eu2*-ion (J = 7/2, g = 2), at low temperatures (<5K)a strong deviation from a Brillouin funetion is observed. The difference between the Brillouin funetion and the measured rotation at 0.5 K decreases linearly up to 12 T. A detailed analysis of the field dependence of the Kerr rotation at various photon energies proved that this difference in the Kerr rotation is due to another magneto-optically active transition, hidden under the dominant /-> d transitions, with a negative Kerr rotation in the energy range between 2 and 4 eV. This transition involves spin polarized Mo-d states and is probably a Mo-d -> S-p transition. The field dependence of this transition can be fitted with the simple ansatz of a compensation term that is linear in the applied field. This means that at most a small part of the spin polarization of the conduction band behaves as funetion of field as predicted by the Jaccarino-Peter compensation effect.
In Eu0 _ 5Pb0 _ 5Mo6S8 some evidence for a Screening of the Kerr rotation in the superconducting State by the vortex lattiee is given and will be discussed.
Kurzfassung
In dieser Arbeit werden erstmals magneto-optische Kerr 
